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(54) Solenoid controlled valve and variable displacement compressor 



(57) A solenoid controlled valve for controlling the 
displacement of a variable displacement compressor 
the moveable iron core and the valve driving rod actuat- 
ing the valve responsible for the displacement of the 
compressor are provided between said valve and a 
pressure sensitive part which is actuated by the suction 
chamber pressure, so that with the solenoid de-ener- 
gised the valve is kept open by the force of an opera- 
tional spring while said differential pressure acting at 
said pressure sensitive part is hindered to act upon said 
valve. In a valve combination of a solenoid controlled 
valve and a valve for opening or closing a suction pas- 
sage between a low-pressure refrigerant piping conduit 
and the suction chamber said valve is controlled directly 
by said solenoid controlled valve and by refrigerant 
pressure without a mechanical transmission mecha- 
nism. 
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Description 

[0001] The present invention relates to a solenoid 
controlled valve for a and to a variable displacement 
compressor used for compressing refrigerant in a refrig- 
eration cycle of an automobile air conditioner or the like. 
[0002] Since the compressor of a refrigeration cycle 
of an automobile air conditioner is directly connected to 
the engine by a belt, the speed of the compressor can- 
not be controlled independently. So, conventionally a 
variable displacement compressor is used apt to 
change the amount of refrigerant (the amount of dis- 
charge) to obtain appropriate cooling capacity without 
being restricted by the driving speed of the engine. In 
the variable displacement compressor, a swing plate 
with a variable angle of inclination is installed in an air- 
tight crank chamber The swing plate is driven by rota- 
tional movement of an axis of rotation and executes a 
swing movement. A piston coupled to the swing plate 
executes reciprocal motions and is received within a cyl- 
inder so that it sucks refrigerant from a suction chamber 
connected to a low-pressure refrigerant pipe conduit 
into said cylinder, compresses it, and discharges it into 
a discharge chamber connected to a high-pressure 
refrigerant pipe conduit. The amount of discharge of the 
refrigerant is varied by changing the angle of inclination 
of the swing plate in accordance to a variation of the 
pressure in the crank chamber. The pressure in the 
crank chamber is controlled by a solenoid controlled 
valve. The variable displacement compressor continues 
to operate with a minimum displacement which Is about 
5% of the maximum displacement even when there is 
no cooling demand. That is, the compressor is then 
operating at its minimum operation state. However, if 
operated like that the problem occurs that fins of an 
evaporator supplied wrth refrigerant by the compressor 
are freezing when the load is small as in winter even at 
the minimum operation state, due to the flow of com- 
pressed refrigerant into the evaporator. 
[0003] It is known to install a valve in a suction pas- 
sage extending between the low-pressure refrigerant 
pipe conduit and the suction chamber which valve 
closes at the minimum operation state, thereby prevent- 
ing low-pressure refrigerant from being sucked Into the 
compressor. In a conventional variable displacement 
compressor the swing plate is driving said valve for 
opening and closing the suction passage. When the 
swing plate is driving the valve for opening and closing 
the suction passage it is necessary to install a mechan- 
ical transmission mechanism between the swing plate in 
the crank chamber and the valve in the suction passage 
which is provided outside of the crank chamber. Said 
mechanical transmission mechanism needs proper 
sealing between the crank chamber and the valve so 
the transmission mechanism is complicated due to 
these problems. 

[0004] Furthermore, instead a solenoid controlled 
valve can be provided which then is responsible for var- 



ying the pressure in the crank chamber to vary the 
amount of displacement. A known solenoid controlled 
valve for that purpose comprises a pressure sensitive 
part between the moveable iron core of the solenoid 
5 and the valve controlling the pressure in the crank 
chamber. The pressure sensitive part is actuated by the 
varying suction chamber pressure. When de-energising 
the solenoid the spring force of the spring for operation 
urging the valve in opening direction should suffice to 
70 maintain said valve in its open state and so that the 
pressure In the crank chamber will correspond to the 
pressure in the discharge chamber and the compressor 
should remain in the minimum operation state. How- 
ever, since the pressure sensitive part is actively situ- 
75 ated between the moveable iron core of the solenoid 
and the valve actuating rod a change of the suction 
chamber pressure may lead to a response of said pres- 
sure sensitive part resulting in an actuation of the valve 
into or towards its closed state. So. it is impossible to 
20 keep the compressor in the steady operation state of 
the minimum displacement. It is necessary to sepa- 
rately provide a clutch or the like in a driving part of the 
compressor resulting in an increase of the overall costs. 
[0005] Therefore, it is an object of the present 
25 invention to improve a variable displacement compres- 
sor such that it safely remains in a steady operation 
state of the minimum displacement without a clutch or 
the like, which has compact dimensions and which does 
not need a mechanical transmission mechanism 
30 between the swing plate and the valve in the suction 
passage. 

[0006] Said objects can be achieved by the features 
of claim 1 and by the features of independent claim 8. 
[0007] By the solenoid controlled valve and the 

35 arrangement of the pressure sensitive part such that It Is 
separated from the valve controlling the pressure in the 
crank chamber when the solenoid Is de-energlsed a sig- 
nificant variation of the suction chamber pressure forc- 
ing the pressure sensitive part to respond cannot create 

40 a force influencing the open state of the valve. The valve 
reliably maintains its open state. The compressor per- 
forms a steady operation in the minimum discharge 
state. 

[0003] If the valve in the suction passage according 
f5 to independent claim 8 is controlled by the solenoid con- 
trolled valve while the latter simultaneously is controlling 
the amount of discharge of refrigerant In the minimum 
state, the valve In the suction passa^ge is brought to a 
closed state when the solenoid of the solenoid control- 
so led valve is de-energised so that no refrigerant from the 
low-pressure pipe conduit is sucked Into the compres- 
sor and is supplied to the evaporator. This avoids freez- 
ing of the fins of the evaporator even with low load as 
e.g. in winter. A mechanical transmission mechanism 
55 between the swing plate and the valve in the suction 
passage is no longer necessary. 
[0009] With the solenoid controlled valve, when the 
solenoid is de-energised, a differential pressure 
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Figs Sand 10 



between a predetermined reference pressure and the 
pressure in the suction chamber connecting part at the 
pressure sensitive part does not act on the valve in its 
closing direction so that the valve keeps communication 
open between the discharge chamber connecting part 
and the crank chamber connecting part. It is thus possi- 
ble to keep the compressor in a steady operation state 
of the minimum displacement without using a clutch or 
the like. Moreover, it is possible to keep the dimensions 
of the arrangements and particularly the valve compact w 
without using a bellows or the like. 
[0010] Irrespective of the type of variable displace- 
ment compressor the valve in the suction passage 
between the low-pressure refrigerant pipe conduit and 
the suction chamber is brought to a closed state as 75 
soon as the solenoid of the valve is de-energised and Fig. 12 

while the valve controls the amount of discharge of 
refrigerant to the minimum state. Therefore, it is possi- 
ble to drive the valve in the suction passage by a simple 
structure without using mechanisms and the like which 20 
extend from the inside of the crank chamber to the outer 
side thereof. 

[001 1 ] Preferred embodiments are contained in the 
depending claims. 

[0012] Embodiments of the invention as well as an 25 

example of a prior art solenoid controlled valve will be 
explained with the help of the drawings. In the drawings 
is: 

Figs 1 , 4 and 5 a first embodiment of a solenoid 30 
controlled valve, in a longitudinal 
section, of a displacement control 
apparatus and in different opera- 
ton states of a variable displace- 
ment compressor, namely in Fig. 35 
1 in a steady operation state of 
minimum displacement, in Fig. 4 
in an operation state of the mini- 
mum displacement* and in Fig. 5 
at an operation state of maximum 40 
displacement; 



Fig. 13 



Fig. 14 



Fig. 15 



Fig. 16 



suction passage open and close 
valve for a variable displacement 
compressor, in a minimum opera- 
tion state and in a state of a max- 
imum displacement at normal 
operation, respectively; 

block diagrams of the entirety of a 
variable displacement compres- 
sor equipped with the valve com- 
bination of e.g. Figs 8 and n, in a 
state of maximum displacement 
and a state of the minimum dis- 
placement, respectively; 

the solenoid controlled valve of 
Figs 8 and 11 in a longitudinal 
section and in an enlarged scale, 
illustrating the state of the maxi- 
mum displacement at normal 
operation; 

a longitudinal sectional view of 
the embodiment of Figs 8 and 1 1 
in a state of minimum displace- 
ment at normal operation: 

a longitudinal sectional view of a 
further embodiment of a valve 
combination, in the minimum 
operation state; 

a longitudinal sectional view of a 
further embodiment of a valve 
comibination, in the minimum 
operation state; 

a longitudinal sectional view of a 
further embodiment of a valve 
combination, in a minimum oper- 
ation state; 



Figs 2 and 3 block diagrams of a variable dis- 

placement compressor equipped 
with a displacement control appa- 
ratus, namely a solenoid control- 
led valve, in an operation state of 
minimum displacement and an 
operation state of maximum dis- 
placement, respectively; 

Figs 6 and 7 longitudinal sections of two differ- 

ent embodiments of a solenoid 
controlled valve; 

Figs 8 and 11 longitudinal sectional views of a 

further embodiment of a solenoid 
controlled valve combined with a 



Figs 17. 18 and 19 



45 



so 



55 



Figs 20, 21 and 22 



longitudinal sectional views of a 
further embodiment of a valve 
combination, in a state of maxi- 
mum displacement, a state of an 
intermediate displacement, and 
in a minimum operation state, 
respectively; 

longitudinal sectional views of a 
solenoid controlled valve as used 
in the combination of Figs 17 to 
19, in an enlarged scale and in 
the state of maximum displace- 
ment, the state of an intermediate 
displacement and at the minimum 
operation state, respectively; 
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Figs 23. 24 and 25 



Fig. 26 



Figs 27 and 28 



Figs 29 and 30 



Fig. 31 



Fig. 32 



longitudinal sectional views of a 
further embodiment of a valve 
combination, in the state of maxi- 
mum displacement, a state of an 
intermediate displacement and in 
the minimum operation state, 
respectively; 

a longitudinal sectional view of a 
further embodiment of a valve 
combination, in the state of mini- 
mum operation; 

longitudinal sectional views of a 
further embodiment of a valve 
combination in a state of interme- 
diate displacement and in a state 
of minimum operation, respec- 
tively; 

longitudinal sectional views of a 
further embodiment of a valve 
combination, in a state of mini- 
mum operation and a state of 
intermediate displacement, 
respectively; 

a schematic representation of a 
variable displacement compres- 
sor of another type combined with 
a further embodiment of a valve 
combination, in a state of mini- 
mum displacement; and 

a longitudinal sectional view of a 
conventional solenoid controlled 
valve (prior art) of a displacement 
control apparatus. 



[0013] A variable displacement compressor 10 as 
shown in Figs 2 and 3 is used e.g. in a refrigeration 
cycle of an automobile air conditioner and is co-operat- 
ing with a displacement control apparatus in the form of 
a generally indicated solenoid controlled valve 30. Two 
different displacement states are shown (Rg. 2: state of 
the minimum displacement; Fig. 3: state of the maxi- 
mum displacement). An axis 1 1 of rotation arranged in a 
airtight crank chamber 12 is driven by driving pulley 13. 
A swing plate 14 in crank chamber 12 is tilted with 
respect to axis 1 1 and swings in accordance with a rota- 
tion of axis 11. In a peripheral part of crank chamber 12 
a cylinder 15 is arranged receiving piston 17 for free 
reciprocation. Piston 17 and swing plate 14 are con- 
nected by a rod 18. 

[0014] When swing plate 14 swings, piston 17 is 
executing reciprocal motions in cylinder 15. Refrigerant 
is sucked into cylinder 15 from a suction chamber 20 at 
an upstream side of cylinder 15. is compressed, and 
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thereafter is discharged into a discharge chamber 21 
located at a downstream side. Pd represent the pres- 
sure in the discharge chamber 21 , Pc is the pressure in 
the crank chamber 12, and Ps is the pressure in the 
suction chamber 20. The angle of inclination of swing 
plate 14 in relation to axis 11 varies according to the 
pressure Pc. The amount of discharge of refrigerant 
from cylinder 15 (the capacity of the compressor 10) 
varies with the angle of inclination of swing plate 14. 
The state of minimum displacement (Fig. 2) occurs if Pc 
equals Pd. The state of maximum displacement (Fig. 3) 
occurs when Pc equals Ps. 

[001 5] The respective displacement of compressor 
10 is varied by solenoid controlled valve 30 and by auto- 
matically controlling pressure Pc in correspondence to a 
variation of pressure Ps and keeps the compressor 10 
in a steady operation state of minimum displacement. 
[0016] The solenoid controlled valve 30 of Figs 1 , 4 
and 5 includes a body tube 31 inserted into a hole (not 
shown) of coaxial multi-stepped structure formed within 
a block e.g. enclosing the compressor 10. In a middle 
part of body tube 31, a crank chamber connecting part 
32 is arranged which is connected to the crank chamber 
12 via a side hole. At a protruding edge side of body 
tube 31 a discharge chamber connecting part 33 is pro- 
vided connected to the discharge chamber 21 via an 
opening located at the upper end of body tube 31. 
Between crank chamber connecting part 32 and dis- 
charge chamber connecting part 33 a valve hole 34 in 
the centre axis of body tube 31 is provided. A spherical 
valve 35 is provided in discharge chamber connecting 
part 33 for co-action with the mouth of valve hole 34. In 
order to prevent jouncing a weak compression coil 
spring 36 is provided actuating valve 35 towards the 
mouth of valve hole 34. In case that a valve driving rod 
37 loosely inserted into valve hole 34 is forced upwardly 
against the force of coil spring 36. valve 35 is pushed 
into discharge chamber connecting part 33 in order to 
bring valve 35 into an open state. 
[001 7] In the rear half part of body tube 3 1 a suction 
chamber connecting part 38 is provided connected to 
the suction chamber 20. An end side of suction cham- 
ber connecting part 38 is situated adjacent to crank 
chamber connecting part 32. In a partition wall separat- 
ing crank chamber connecting part 32 from suction 
chamber connecting part 38 an axial penetrating hole 
slideably receiving the middle part of driving rod 37 is 
provided. At a lower flange part of body tube 31 a sole- 
noid 40 is secured. This is the side of body tube 31 
where suction chamber connecting part 38 opens 
(opposite to the side comprising crank chamber con- 
necting part 32). Solenoid 40 comprises an electromag- 
netic coil 41 and a fixed iron core 42. From suction 
chamber connecting part 38 to the inside of solenoid 40 
a sleeve 43 is extending containing a moveable iron 
core 44 which is loosely inserted with radial clearance. 
The lower end of valve driving rod 37 abuts the upper 
front face of moveable iron core 44. 
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[0018] Between moveable iron core 44 and fixed 
iron core 42 a compression coil spring 51 for operation 
is provided. Spring 51 has stronger spring force than 
coil spring 36. The spring force of spring 51 is transmit- 
ted to valve 35 by means of the moveable iron core 44 5 
and valve driving rod 37. If there is no other power than 
the force of spring 51 acting on moveable iron core 44. 
and valve driving rod 37, valve 35 is pushed into its 
open state. A stopper 52 restricts the maximum opening 
stroke of valve 35. When the electromagnetic coil 41 is io 
energised, the moveable iron core 44 is attracted 
towards the fixed iron core 42 to produce an urging 
force for valve 35 in its closing direction. 
[0019] Moveable iron core 44 co-acts with a con- 
necting rod 54. the upper end of which either is con- 75 
nected to moveable iron core 44 or simply abuts against 
it. Connecting 54 is loosely inserted into axial penetrat- 
ing hole 53 of fixed iron core 42. At the lower end of con- 
necting rod 54 a pressure receiving board 55 is fixed. At 
the outer edge of fixed iron core 42 and facing pressure 20 
receiving board 55 a diaphragm 56 is fixed separating 
the inner part of solenoid 40 containing the pressure Ps 
from the exterior. The externa! surface of diaphragm 56 
is situated in the atmosphere. Space 57 confined by dia- 
phragm 56 is connected via penetrating hole 53 to sue- 2s 
tion chamber connecting part 38. Space 57 can be 
regarded as a part of suction chamber connecting part 
38. 

[0020] To the exterior surface of diaphragm 56 a 
pressurising mechanism 60 is associated to serving to so 
load diaphragm 56 from the exterior side with a prede- 
termined reference pressure. Between a fixed member 
62 and a moveable piston 61 abutting the external sur- 
face of diaphragm 56 a spring assembly consisting of 
compression coil springs 63, 64 is arranged, actuating S5 
moveable piston 61 with the necessary force defining 
said reference pressure. Said urging force of the spring 
assembly can be finely adjusted by an adjusting screw 
65 which in this case only co-acts with inner spring 64. 
[0021 ] The inner surface of diaphragm 56 carries 40 
suction chamber pressure Ps. The atmospheric pres- 
sure and the urging force of springs 63. 64 are carried 
by the external surface of diaphragm 56. Via diaphragm 
56 pressure receiving board 55 at the inner surface of 
diaphragm 56 is receiving a differential pressure of said 45 
applied pressures. 

[0022] When electromagnetic coil 41 is energised 
the differential pressure acting on pressure receiving 
board 55 is transmitted towards valve driving rod 37 via 
connecting rod 54 and moveable iron core 44 and open- so 
ing and closing of valve 35 is controlled according to a 
variation of the pressure Ps such that the displacement 
of the compressor 10 is controlled. By varying the value 
of the energising current supplied to electromagnetic 
coil 41 the value suction chamber pressure Ps is shifted 55 
causing changes between an opening and closing state 
of valve 35. 

[0023] If electromagnetic coil 41 is de-energised 



valve 35 is forced into its open state by the force of 
spring 51 for operation, and the compressor 10 enters 
into a state of the minimum displacement. 
[0024] As illustrated in Fig. 1 diaphragm 56 then 
only retracts from pressure receiving board 55 towards 
the exterior side, even when the pressure Ps rises and 
diaphragm 56 is moving towards the exterior side. Said 
movement is not transmitted to valve 35. Therefore, 
valve 35 still remains in its open state and the compres- 
sor 10 remains in the steady operation state of the min- 
imum displacement. 

[0025] In Fig. 6 valve driving rod 37 and connecting 
rod 54 are formed as a unitary rod supported by bear- 
ings 71, 72 in the regions of both ends of said rod. The 
provision of bearings 71 , 72 leads to small sliding resist- 
ance for said rod 37, 54 or said unitary rod, respectively. 
[0026] In Fig. 6 the cross-sectional form of the por- 
tion of the unitary rod representing connecting rod 54 is 
formed as a polygon (e.g. a regular square or hexagon, 
etc.) so that a clearance is provided between the inner 
circular surface of bearing 71 and connecting rod 54 so 
that there is permanent communication between suc- 
tion chamber connecting part 38 and space 57 through 
bearing 71 in fixed iron core 42. Moreover, in order to 
avoid an influence of the differential pressure between 
discharge chamber pressure Pd and crank chamber 
pressure Pc on valve driving rod 37 a space 37 at the 
rear side of valve 35 which in this case is fixed to the 
upper end of valve driving rod 37 is connected to crank 
chamber connecting part 32. For communication pur- 
poses a penetrating hole 74 is axially provided in valve 
34. An end portion of valve driving rod 37 which is forci- 
bly inserted into penetrating hole . 74 has a polygonal 
cross-section so that there is a clearance between the 
circular inner wall of penetrating hole 74 and valve driv- 
ing rod 37. 

[0027] When electromagnet coil 41 is de-energised, 
valve 35 is remaining in its open state, regardless of var- 
iations of suction chamber pressure Ps so that com- 
pressor 10 falls Into a steady operation state of the 
minimum displacement. 

[0028] In the embodiment of Fig. 7 in the solenoid 
'Controlled valve 30 the connections of the crank cham- 
ber connecting part 32 and discharge chamber con- 
necting part 33 are reversed so that the discharge 
chamber connecting part 32 is situated between the 
crank chamber connecting part 32 and suction chamber 
connecting part 38. Moreover, the cross-sectional area 
of penetrating hole 39 provided between discharge 
chamber connecting part 33 receiving valve driving rod 
37 and suction chamber connecting part 38 is equal to 
the cross-sectional area of valve hole 34 provided 
between discharge chamber connecting part 33 and 
crank chamber connecting part 32. By said measures 
an influence of discharge chamber pressure Pd on 
valve driving rod 37 is cancelled in axial direction and 
the solenoid controlled valve 30 of the displacement 
control apparatus is executing an accurate control cper- 
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ation. 

[0029] In the schematic illustrations of Figs 9 and 
10 the solenoid controlled valve 30 constituting the dis- 
placement control valve of variable displacement com- 
pressor 10 is combined with a suction passage valve s 
70. Variable displacement compressor 10 is used in a 
refrigeration cycle of an automobile air conditioner. (Fig. 
2: state of minimum displacement; Fig. 3: state of maxi- 
mum displacement.) In airtight crank chamber 12 (con- 
stituting in this embodiment a pressure control ic 
chamber) axis 1 1 of rotation Is driven by driving pulley 
13. Swing plate 14 in crank chamber 12 is tilted with 
respect to axis 1 1 of rotation and is swinging in accord- 
ance with a rotation of axis 11. Piston 17 received for 
reciprocating movement in cylinder 15 in a peripheral is 
part of crank chamber 12 is connected by rod 18 to 
swing plate 14. With the swinging motion of swing plate 
14 piston 1 7 is executing a reciprocal motion in cylinder 
15. Refrigerant is sucked into cylinder 15 from a suction 
chamber 20 situated on an upstream side of cylinder 1 5. 20 
is compressed and thereafter is discharged to dis- 
charge chamber 21 located at a downstream side. Low- 
pressure refrigerant is supplied to suction chamber 20 
from a low-pressure refrigerant pipe conduit 1 located 
upstream thereof. High-pressure refrigerant is supplied 2S 
from discharge chamber 21 to a high-pressure refriger- 
ant pipe conduit 2 located downstream thereof. In the 
housing of the valve combination suction chamber part 
3 and discharge chamber part 4 are illustrated for the 
sake of simplicity, and are connected to suction cham- 30 
ber 20 and discharge chamber 21, respectively. Con- 
necting passages 5 (5a. 5b) are connected to crank 
chamber 12. Pe is the pressure in the low-pressure 
refrigerant pipe conduit 1 ; Ps is the pressure in the suc- 
tion chamber 20 and suction part 3; Pd is the pressure 35 
In the discharge chamber 21 and discharge chamber 
part 4; and Pc is the pressure in the crank chamber 12 
and connecting passages 5, 5a, 5b, respectively. 
[0030] The angle of inclination of swing plate 14 
changes according to pressure Pc. The amount of dis- 4o 
charge of refrigerant from the cylinder 15 (the capacity 
of the compressor 10) varies with the angle of inclina- 
tion of swing plate 14. A state of maximum displace- 
ment (Fig. 2) occurs when Pc equals Ps. The state of 
minimum displacement (i.e. the minimum operation 45 
state) occurs (Fig. 3) when pressure Pc increases. 
[0031] Solenoid controlled valve 30 is controlling 
the displacement of the compressor 1 0. by automatically 
controlling the crank chamber pressure Pc in corre- 
spondence to a variation of pressure Pe in the low-pres- so 
sure refrigerant pipe conduit 1 or to a variation of 
pressure Ps in the suction chamber 20. respectively 
The control level of valve 30 is varied electromagneti- 
cally. A connecting pipe 6 extends from low-pressure 
refrigerant pipe conduit 1 to solenoid controlled valve 55 
30. 

[0032] In a suction passage between the low-pres- 
sure refrigerant pipe conduit 1 and the suction chamber 



part 3 valve 70 is provided comprising a main valve 71 
for opening and closing said suction passage. Valve 70 
closes in response to a switching action of the state of 
solenoid controlled valve 30 in case that valve 30 con- 
trols compressor 10 to fall into the minimum operation 
state. 

[0033] The valve combination shown in Figs 8. 11. 
12 and 13 includes solenoid controlled valve 30 keeping 
the compressor 10 in the steady operation (minimum 
operation) state of minimum displacement (shown in 
Fig. 5). First and second crank chamber connecting 
parts 32a, 32b, are provided in a middle part of body 
tube 31 adjacent to another Discharge chamber con- 
necting part 33 is situated closer to the upper end of 
body tube 31. Valve hole 34 extending along the axis of 
body tube 31 interconnects parts 32a. 33. In discharge 
chamber connecting part 33 valve 35 for opening and 
closing valve hole 34 is provided. In order to prevent 
jouncing a weak compression coil spring 36 is biasing 
valve 35 towards the mouth of valve hole 34. Valve hole 

34 receives loosely inserted valve driving rod 37. Valve 

35 opens when being pushed by the upper end of valve 
driving rod 37 counter to the spring force of coil spring 
36. In that open state valve 35 is abutting against a 
valve seat 39 arranged at the opposite side in discharge 
chamber connecting part 33. Valve seat 39 is arranged 
at an inlet of a main valve driving connecting hole 32. 
When valve 35 is separated from valve seat 39 part 33 
and hole 72 are communicating and pressure Pp in 
main valve driving connecting hole 72 becomes equal to 
pressure Pd. 

[0034] In the lower half part of body tube 31 a low- 
pressure connecting part 38 connected to low-pressure 
refrigerant pipe conduit 1 via a side hole is provided. An 
end side of connecting part 38 is adjacent to crank 
chamber connecting part 32b. Within a partition wall 
separating second crank chamber connecting part 32b 
from low-pressure connecting part 38 an axlally pene- 
trating hole is provided. A valve rod 37a Integrally 
formed with valve driving rod 37 is provided to open and 
close said penetrating hole. 

[0035] Solenoid 40 is secured to a flange part of 
body tube 31 in which the low-pressure connecting part 
38 is opening (on the opposite side of second crank 
chamber connecting part 32b). Solenoid 40 comprises 
electromagnetic coil 42, fixed iron core and moveable 
iron core 44 loosely inserted with clearance in sleeve 
43. The lower end of valve driving rod 37 abuts against 
the front face of moveable iron core 44. Between move- 
able iron core 44 and fixed iron core 42 operation com- 
pression coil spring 51 is arranged, the-spring force of 
which Is stronger than the spring force of coil spring 36. 
The spring force of coil spring 51 is transmitted to valve 
35 via the moveable Iron core 44 and valve driving rod 
37. 

[0036] When no other force than the force of spring 
51 is acting on moveable iron core 44 and valve driving 
rod 37, valve 35 is pushed into an open state with 
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respect to valve hole 34. If electromagnetic coil 41 is 
energised, electromagnetic force is acting in a direc- 
tional drawing the moveable iron core towards the fixed 
iron core 42 (Fig. 5) so that valve 35 closes valve hole 

[0037] Through fixed iron core 42 a central pene- 
trating hole 53 is extending receiving loosely inserted 
connecting rod 54 co-acting with its upper end with 
moveable iron core 44. A pressure receiving board 55 
fixed to its other end. At the outer edge of fixed iron core w 
42 and facing pressure receiving board 55 diaphragm 
56 'Is fixed. The external surface of diaphragm 56 is 
open to atmosphere. A space 57 above diaphragm 56 is 
connected to low-pressure connecting part 38 via pene- 
trating hole 53. Space 57 is to be regarded as a pres- is 
sure chamber and as a part of the low-pressure 
connecting part 38 which in turn is connected to low 
pressure refrigerant pipe conduit 1 by connecting pipe 
6. To the exterior surface side of diaphragm 56 a pres- 
surising mechanism 60 is associated to, in order to 20 
actuate the diaphragm 56 from the exterior side with a 
reference pressure. Compression coil springs 63, 64 
defining a spring assembly are situated between fixed 
member 62 and moveable piston 61 applying an 
upwardly directed force against diaphragm 56. For fine 25 
adjustment of the spring assembly adjusting screw 65 is 
provided co-acting with spring 64. 
[0038] The upper surface of diaphragm 56 detects 
pressure Pe. The lower or external surface of dia- 
phragm 56 detects atmospheric pressure and the forces 30 
of springs 63. 64 as a reference pressure. As a conse- 
quence, pressure receiving board 55 is receiving a dif- 
ferential pressure between those applied pressures by 
means of diaphragm 56. The external surface of the dia- 
phragm 56 may be situated in an airtight space the 35 
pressure within which may be used as said reference 
pressure, instead. 

[0039] With electromagnetic coil 41 energised the 
differential pressure acting on pressure receiving board 
55 is also acting on valve driving rod 37 via connecting 40 
rod 54 and moveable iron core 44. Opening and closing 
of valve 35 is controlled according to variations of pres- 
sure Pe so that the pressure of the crank chamber 12 is 
controlled as well as the displacement of the compres- 
sor 1 0. A variation of the value of the energising current 45 
for electromagnetic coil 41 enables to shift the value of 
pressure Pe at which the opening and closing states of 
valve 35 change. Accordingly, the value of pressure Pc 
corresponding to the value of the refrigerant pressure 
Pe (i.e. the amount of displacement) also can be shifted, so 
[0040] When electromagnetic coil 41 is de-ener- 
gised spring 51 opens valve 35 which then connects 
parts 33 and 32a. thereby realising a state (the mini- 
mum operation state) in which the compressor 10 main- 
tains its minimum displacement state. At the same time. 55 
valve 35 is pushed against valve seat 39 separating 
hole 72 from part 33. Even if the pressure Pe then rises 
and the diaphragm is moved towards the exterior side. 



diaphragm 56 only will retract from pressure receiving 
board 55 but will not transmit its movement to valve 35. 
Therefore, valve 35 still remains in its open state and 
the compressor 10 remains in the steady operation 
state of minimum displacement. 

[0041] According to Fig. 1 1 main valve 71 of valve 
70 is provided midway of a conduit or suction passage 
connecting low-pressure refrigerant pipe conduit 1 to 
suction chamber part 3. A thin connecting part 71c inte- 
grally connects a valve part 71a for opening and closing 
said suction passage and a driving piston body 72b. 
Valve part 71 a and piston body 71b have the same 
diameter. Pressures applied to the middle part are can- 
celled or balanced in axial direction. Main valve driving 
connecting hole 72 leads to a cylinder chamber 74 
receiving piston part 71b. If valve 35 in is its open state 
with respect to main valve driving connecting hole 72 
pressure Pp within cylinder chamber 74 is approaching 
pressure Pd (Pp equals Pd). Cylinder chamber 74 com- 
municates with suction chamber part 3 via a thin restric- 
tion hole or restrictor 75. When valve 35 enters into its 
closed state pressure Pp gradually will approach Ps due 
to restrictor 75 (Pp equals Ps). Main valve 71 is actu- 
ated in closing direction by compression coil spring 76 
counter to applied pressure in cylinder chamber 74. 
Pressure Ps permanently is acting on valve part 71a in 
a direction counter to the pressure direction in cylinder 
chamber 74 via a connecting hole 77. Therefore, main 
valve 71 operates depending upon differential pressure 
between the action power Fp resulting from pressure Pp 
in cylinder chamber 74 and the sum of the urging force 
Fc of compression coil spring 76 and the action power 
Fs resulting from pressure Ps. Main valve 71 enters an 
open state if Fp>Fc + Fs and enters a closed state if 
Fp<Fc + Fs. 

[0042] On the peripheral surface of piston part 71b 
a circumferential groove 78 is formed used to open a 
reflux hole 79 serving to return pressure from discharge 
chamber part 4 to low-pressure refrigerant pipe conduit 
1. Reflux hole 79 is only open when main valve 71 is 
closed. 

[0043] When the solenoid 40 or its electromagnetic 
coil 41 , respectively, is energised opening and closing of 
valve 35 is controlled according to variations of pressure 
Pe, as mentioned above, and the displacement of the 
compressor 10 is controlled accordingly. In this state the 
moveable iron core 44 is drawn towards the fixed iron 
core 42. Even in the state-otthe minimum displacement 
shown in Fig. 13 valve 35-does not close valve seat 39 
and pressure Pp in cylinder chamber 74 equals pres-. 
sure Pd so that valve 70 remains in the open state, 
[0044] When the solenoid 40 or its electromagnetic 
coil 41. respectively, is de-energised and the minimum 
operation state is realised, moveable iron core 44 is not 
drawn towards fixed iron core 42. Valve 35 abuts 
against valve seat 39. Main valve driving connecting 
hole 37 then is closed. As a result pressure Pp gradually 
is approaching pressure Ps via restrictor 75. As shown 
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in Fig. 8 compression coil spring 76 is shifting main 
valve 71 into its closed state closing the suction pas- 
sage. However, even then a minimum amount of refrig- 
erant should be able to pass through in order to cool 
and lubricate the compressor 10. So the sealing func- 
tion of main valve 71 in its closed state intentionally is 
made imperfectly. 

[0045] When valve 70 is closed reflux hole 79 is 
open via circumferential groove 78. The pressure in dis- 
charge chamber part 4 is transmitted into low-pressure 
refrigerant pipe conduit 1 so that the pressure in the lat- 
ter does not fall too much below a predetermined pres- 
sure value. Simultaneously a reflux of the lubricant is 
realised. 

[0046] When the solenoid 40 is de-energised con- 
necting rod 54 is separated from moveable iron core 44. 
Positional changes of diaphragm 56 are not transferred 
to the moveable iron core 44 and the steady minimum 
operation is maintained. This is also the case for each of 
the succeeding embodiments of the invention. 
[0047] This means that with the solenoid 40 of valve 
30 de-energised the variable displacement compressor 
10 falls into the minimum operation state of minimum 
displacement. In response thereto valve 70 closes the 
suction passage. As a consequence, the fins of an 
evaporator (not shown) connected to the compressor do 
not freeze at a time when the load is small e.g. as in win- 
ter, i.e. a situation with low cooling demand. 
[0048] Since the embodiments of Rgs 1 4 to 1 6 are 
similar to the already described only differences will be 
explained. 

[0049] In Fig. 14 restriction hole 7 directly connects 
discharge chamber part 4 to crank chamber 12. The 
valve seat 39 at the inlet of the main valve driving con- 
necting hole 72 is arranged so that it is located at the 
former position of valve hole 34 in the preceding embod- 
iment. As a result. and different from the preceding 
embodiment, pressure Pp in cylinder chamber 74 
becomes equal to Ps ( Pp = Ps ) with solenoid 40 ener- 
gised and becomes equals to Pd ( Pp = Pd ) in the min- 
imum operation state when the solenoid 40 de- 
energised. The moving direction of main valve 71 when 
responding to said pressures is also reversed. In view of 
this the shape of main valve 71 is so that it has a long 
portion located in cylinder chamber 74. meaning that 
the suction passage between the low-pressure refriger- 
ant pipe conduit 1 and suction chamber part 3 is closed • 
when compression coil spring 76 is compressisd'/ 
[0050] In Fig. 15 (minimum operation state of the 
variable displacement compressor) restriction hole 7 
directly is connecting discharge chamber part 4 to crank 
chamber 12. Valve seat 39 at the inlet of the main valve 
driving connecting hole 72 is arranged so as to have a 
direction opposite to the direction in the preceding 
embodiment. Moreover, between low-pressure refriger- 
ant pipe conduit 1 and suction chamber part 3 a valve 
seat 80 is provided. Main valve 71 is designed 50 as to 
abut against the valve seat 80 from the side of the low- 



pressure refrigerant pipe conduit 1 (upstream side). In 
cylinder chamber 74 (main valve 71 and a pressure car- 
rying board 81 form a valve body) pressure carrying 
board 81 is connected to the rear end of main valve 71. 

5 Compression coil spring 76 is provided in cylinder 
chamber 74 so as to abut against pressure carrying 
board 81. Pressure in cylinder chamber 74 always 
becomes equal to pressure Ps in suction chamber part 
3 through connecting hole 82 axlally arranged in main 

w valve 71. Main valve driving connecting hole 72 leads 
into cylinder chamber 74 in a position allowing to con- 
nect it to a side of the pressure carrying board 81 oppo- 
site to the side at which the board 81 is loaded by 
pressure Ps. When the solenoid 40 is energised pres- 

75 sure Pp in the space adjacent to the inner side of pres- 
sure carrying board 81 becomes equal to Pd 
(Pp = Pd ). Pressure carrying board 81 then is pushed 
forward until an open valve state is reached. Main valve 
71 then clears valve seat 80. 

20 [0051 ] In the minimum operation state with solenoid 
40 de-energised pressure Pp at the inner side of pres- 
sure carrying board 81 becomes equal to Ps by virtue of 
restriction hole 81a provided in pressure carrying board 
81. As a result, main valve 71 is pushed towards valve 

25 seat 80 and the suction passage between the low-pres- 
sure refrigerant pipe conduit 1 and suction chamber 
part 3 is closed. 

[0052] In the embodiment of the valve combination 
(solenoid controlled valve 30 and valve 70) of Rg. 16, 

30 shown at the minimum operation state of the variable 
displacement compressor, restriction hole 7 directly is 
connecting discharge chamber part 4 to crank chamber 
12. For simplification of the overall structure pressure 
Pd here is not used to actuate valve 70. In the minimum 

35 operation state pressure Pc instead is applied to main 
valve driving connecting hole 72 leading into cylinder 
chamber 74 for the actuation of main valve 71. In this 
case the solenoid controlled valve 30 does not include a 
valve 35, but instead the function of opening and closing 

40 the inlet of the main valve driving connecting hole 72 is 
carried out by a valve rod 37a directly connected to 
moveable iron core 44. In the minimum operation state 
pressure Pc is applied to connecting hole 72. 
[0053] In the embodiments of Figs 17 to 19 the 

45 solenoid controlled valve 30 is improved, similar as the 
embodiment of Rgs 20 to 22. Figs 1 7 and 20 represent 
the control condition for the state of maximum displace- 
ment. Figs 18 and 21 represent the control condition for 
a state of an intermediate displacement. Figs 1 9 and 22 

50 represent the control condition for the minimum opera- 
tion state in which the state of minimum displacement is 
maintained. 

[0054] In the housing of the valve combination of 
said embodiments restriction hole 7 directly is connect- 
55 ing discharge chamber part 4 to connecting passage 5 
connected to crank chamber 12. Moveable iron core 44 
has a pair of spaced apart, circumferential grooves 46. 
Both grooves 46 are connected by a connecting hole 45 
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formed within moveable iron core 44. Moveable iron 
core 44 itself fulfils the function of a switch valve for 
opening or blocking communication between main valve 
driving connecting hole 72 and connecting passage 5. 
[0055] At the minimum operation state pressure Pd 5 
is not used to actuate valve 70. Instead, pressure Pc via 
main valve driving connecting hole 72 is used to actuate 
main valve 71 in cylinder chamber 74. In addition, 
moveable iron core 44 includes an axially penetrating 
back-pressure cancelling connecting hole 47, so that k 
the same pressures are acting on both ends of move- 
able iron core 44 and pressure Pe always is acting on 
the inner surface of diaphragm 56. By said measure a 
cancellation of back-pressure in the entire pipe system 
is achieved and the valve permanently is operating nor- 75 
mally. 

[0056] In embodiment of the valve combination of 
Figs 23 through 25 the structure has been improved fur- 
ther. Fig. 23 is representing the control condition in the 
state of the maximum displacement. Fig. 24 is repre- 20 
senting the control condition for the state of intermedi- 
ate displacement. Fig. 25 is representing the control 
condition where the state of the minimum displacement 
is maintained. The main valve 71 is closing the suction 
passage between the low-pressure refrigerant pipe con- 25 
duit 1 and suction chamber part 3 when pressure Pp in 
cylinder chamber 74 Is high. Main valve 71 is retracted 
to open said suction passage when pressure Pp is drop- 
ping. Within main valve 71 a restriction hole 75 is 
formed connecting the inner side of cylinder chamber 30 
74 to suction chamber part 3. Even if the pressure in 
cylinder chamber 74 is high, said pressure gradually will 
drop in order to open valve 70 if cylinder chamber 74 is 
not connected to the high-pressure portion via line 72. 
Moreover, the reflux hole 79 as used in preceding 35 
embodiments is not provided. Valve 35 of solenoid con- 
trolled valve 30 driven by solenoid 40 includes a ball- 
shaped closure member and functions to open and 
close a passage between discharge chamber part 4 
and main valve driving connecting hole 72. Valve 35 is 40 
actuated by the upper end of valve driving rod 37. A 
middle part of valve driving rod 37 is formed as a valve 
part 37b for opening and closing a passage between 
connecting passage 5 (to crank chamber 12) and dis- 
charge chamber part 4. Pressure Pe in low-pressure 45 
refrigerant pipe conduit 1 is applied to the inner surface 
of diaphragm 56 via connecting tube 6, e.g. formed 
inside the housing. Restriction hole 8 directly intercon- 
nects connecting passage 5 and suction chamber part 
3. When solenoid 40 (its electromagnetic coil 41) is so 
energised valve 35 is closed. Pressure Pp in cylinder 
chamber 74 is equal to the suction pressure Ps 
{ Pp = Ps ). As a consequence, valve 70 is maintained in 
an open state. A variation of the displacement control 
from the range of a state of the maximum displacement ss 
(Fig. 23) to the state of an intermediate displacement 
(Fig. 24) is executed in correspondence with the varia- 
tion of pressure Pe applied to diaphragm 56. The control 



level can be shifted arbitrarily by the value of the ener- 
gising current. 

[0057] In the state of maximum displacement (Fig. 
23) valve part 37b is in a closed state in relation to the 
5 connection between discharge chamber part 4 and con- 
necting part 5. Via restriction hole 8 pressure Pc in con- 
necting passage 5 becomes equal to suction pressure 
Ps {Pc= Ps). In a control condition representing the 
state of an intermediate displacement (Fig. 24) valve 
10 part 37b is raised and does not dose the connection 
hole. As a consequence, pressure Pc in connecting 
passage 5 will rise. 

[0058] When solenoid 40 is de-energised valve 37b 
is opened wide (Fig. 25). Connecting passage 5 is fully 
15 communicating with discharge chamber 4. Pressure Pc 
becomes equal to pressure Pd (Pc = Pd ), so that the 
variable displacement compressor 10 is brought into the 
state of the minimum displacement. 
[0059] Due to the movement of valve 35 into an 
20 open state pressure Pp in cylinder chamber 74 
becomes equal to pressure Pd ( Pp = Pd ). Valve 70 is 
brought into its closed state so that the minimum opera- 
tion state is achieved. 

[0060] In the embodiment of the valve combination 
25 shown in Rg. 26 suction pressure Ps is applied to the 
inner surface of diaphragm 56 via a connecting passage 
106. By said measure the entire structure is simplified. 
Its function similar to the function of the preceding 
embodiment. The peripheral edge of diaphragm 56 is 
30 placed between fixed iron core 42 and a flange 69 of the 
pressurising mechanism. The outer edge of the dia- 
phragm 56 is fixed from the outside by laser welding, 
etc. Therefore, the diaphragm 56 can be made of metal. 
This can be realised as well in the other embodiments. 
35 [0061 ] In the embodiment of the valve combination 
as shown in Figs 27 and 28 (Fig. 27: control condition in 
the state of intermediate displacement; Fig. 28: control 
condition at the minimum operation state in which the 
state of the minimum displacement is maintained) main 
io valve 71 is loaded in its closing direction by compres- 
sion coil spring 76. When (Fig. 27) pressure Pp in cylin- 
der chamber 74 is high, main valve 71 is retracting into 
its open state. In case that the pressure Pp is low (Fig. 
28) main valve 71 is brought into its closed state. More- 
ls over, suction pressure Ps is applied to the inner surface 
of diaphragm 56 via connecting passage 106 like in the 
preceding embodiment. The peripheral part of dia- 
phragm 56 is located between fixed iron core 42 and the 
flange 69 of the pressurising mechanism and is fixed by 
'0 laser welding, etc., from the exterior side In body tube 

131 of the solenoid control valve 30 a restriction hole 

132 is connecting a central side hole 133 permanently 
connected to main valve driving connecting hole 72 and 
the part connected to the discharge chamber part 4 with 

•5 a small sectional area. Valve rod 37a is designed, e.g. 
with a shoulder, in order to open to close a passage 
between the central side hole 133 and the suction 
chamber part 4 depending on the stroke position of 
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valve driving rod 37. ^ 

[0062] When the solenoid 40 is energised and gen- 
erates magnetic power drawing moveable iron core 44 
in a direction towards fixed iron core 42 (Fig. 27) the 
passage between central side hole 133 and suction 5 
chamber part 3 is closed by the shoulder of valve rod 
portion 37a. Central side hole 133 connected to dis- 
charge chamber part 4 via a restriction hole 132 has the 
discharge pressure Pd. Pressure Pp in cylinder cham- 
ber 74 is equalised via main valve driving hole 72 to the w 
discharge pressure Pd ( Pp = Pd ), so that valve 70 is 
brought into an open state. In this state when valve rod 
37 slightly is moved due to a displacement of diaphragm 
55 caused by differentia! pressure between Ps and the 
atmospheric pressure, valve 35 will be pushed open by is 
valve driving rod 37. Connecting passage 5 becomes 
connected to discharge chamber part 4. Pressure Pc in 
the crank chamber 12 rises. When valve 35 is pushed 
against valve hole 34 (closed state) pressure Pc in the 
crank chamber 12 will fall, since crank chamber 12 is 20 
connected to suctiori chamber part 3. As a conse- 
quence, the amount of discharge (the displacement) 
automatically is controlled. 

[0063] Since the opening or closing timing of valve 
35 is shifting in correspondence to the value of the ener- 25 
gising current supplied to electromagnetic coil 41 the 
amount of discharge can be arbitrarily shifted corre- 
sponding to the value of suction pressure Ps. 
[0064] When the solenoid 40 is de-energised (Fig. 
28) valve 35 is pushed wide open by valve driving rod 30 
37. Connecting passage 5 and discharge chamber part 
4 are completely connected with another. Since then Pc 
equals Pd the minimum operation state is achieved. At 
the same time the movement of valve rod portion 37a is 
connecting the central side hole 133 to the suction 35 
chamber part 3. Pressure Pp becomes equal to the suc- 
tion pressure Ps via the main valve driving connecting 
hole 72 ( Pp = Ps ). Valve 70 is closed. In that state dis- 
charge chamber part 4 and suction chamber part 3 are 
connected with another by restriction hole 8. A reflux 40 
hole 79 as used In other embodiments is not needed. As 
a consequence, the structure of the valve combination 
is very simple. 

[0065] In the embodiment of the valve combination 
according to Figs 29 and 30 (Fig. 29: control condition at <5 
the state of intermediate displacement; Fig. 30: control 
condition at the minimum operation state where a state 
of minimum displacement is maintained) the piping pro- 
vided upstream and downstream of valve 35 is reversed 
compared with the preceding embodiment (to a piping 50 
arrangement as in one of the preceding embodiments). 
The structure of valve 35 is the same as in the embodi- 
ment of Fig. 8. As a consequence, the inside of cylinder 
chamber 74 of valve 70 permanently is connected to 
suction chamber part 3 via main valve driving connect- 55 
ing hole 72 and restriction hole 75. Communication 
between suction chamber part 3 and cylinder chamber 
74 is opened or blocked by valve 35. the upper and 



lower portions of which have conical shapes in this 
embodiment. Central side hole 133 permanently is con- 
nected to connecting passage 5. Restriction hole 8 
formed in the body tube 131 of solenoid controlled valve 
30 is formed to open a passage between the central 
side hole 133 and suction chamber part 3. Suction pres- 
sure Ps is applied to the inner surface of diaphragm 56 
by way of connecting passage 106. 
[0066] According to Fig. 29 with the solenoid 40 
energised the magnetic force causes a pulling force for 
the moveable iron core 44 towards the fixed iron core 
42. valve 35 is open. Pressure Pp in cylinder chamber 
74 becomes equal to discharge pressure Pd via main 
valve driving connecting hole 72 ( Pp = Pd ). Valve 70 is 
brought into an open state. If in this state valve 35 
slightly moves due to a displacement of the diaphragm 
56 caused by the differential pressure between suction 
pressure Ps and the atmospheric pressure valve 35 is 
departing from valve hole 34. Then connecting passage 
5 is connected to discharge chamber part 4 and the 
pressure Pc in crank chamber 12 will rise. If valve 35 is 
closing valve hole 34. pressure Pc in crank chamber 12 
will fall caused by restriction hole 8. As a consequence, 
the amount of discharge (of displacement) automati- 
cally is controlled. 

[0067] The opening or closing timing of valve 35 
can be shifted in correspondence to the value of the 
energising current for solenoid 40. As a consequence, 
the amount of discharge corresponding to the value of 
suction pressure Ps arbitrarily can be shifted as well. 
[0068] With solenoid 40 de-energised (Fig. 30) 
valve 35 will open to a great extent so that connecting 
passage 5 and discharge chamber part 4 will be con- 
nected unrestrictedly with another. Thus, the minimum 
operation state is achieved ( Pc = Pd ). 
[0069] At the same time valve 35 is closing valve 
seat 39. So pressure Pp in cylinder chamber 74 
becomes equal to suction pressure Ps via the main 
valve driving connecting hole 72 and restriction hole 75 
( Pp = Ps ). Valve 70 is closed. 

[0070] The present invention is not limited to the 
embodiments as shown and described. It can be real- 
ised in any mode, provided that, when the solenoid 40 
of the solenoid controlled valve 30 is de-energised, the 
variable displacement compressor 10 will fall into the 
minimum operation state, and in response to that, the 
valve 70 will close the suction passage between the 
low-pressure refrigerant pipe conduit 1 and the suction 
chamber part 3. The invention cannot only be applied to 
a variable displacement compressor having a swing or 
wobble plate, as shown, but also to various types of var- 
iable displacement compressors like a rotary type - or a 
scroll type variable displacement compressor, etc. 
[0071] In Fig. 31 a variable displacement compres- 
sor 110 of a rotary type is equipped with the solenoid 
controlled valve 30 for displacement control and the 
valve 70 as shown in Figs 27 and 28. Fig. 31 is repre- 
senting the minimum operation state. The variable dis- 
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placement compressor 110 shown is already known. In 
a circular housing 111a circular rotor 112 of smaller 
size than the housing is arranged so as to be centred on 
an eccentric axis 1 1 3 which is driven for rotation by an 
engine, etc., not shown. At the periphery of rotor 112 5 
with intervals of 90° four seal members 114 are 
arranged which are loaded by springs (not shown) 
towards the outer side so as to be in permanent contact 
with the inner surface of housing 111. The inner surface 
of the housing 111 and the outer surface of rotor 112 70 
are almost in contact with another at one rotary position 
of the rotor where the outer surface of rotor 112 
approaches the inner surface of housing 111 nearest. In 
this region a discharge opening 1 19 is formed through 
which compressed refrigerant is discharged. Adjacent 15 
rotor 112 a suction opening control plate 1 15 is rotatably 
provided in contact with housing 1 1 1 . A suction opening 
1 15a in suction opening control plate 1 15 is connected 
to suction chamber part 3. The low-pressure refrigerant 
is sucked into compressor 110. On suction opening 20 
control plate 115 a protruding driving pin 117 is pro- 
vided driven by a displacement varying mechanism 
130. Pin 117 allows to change the position of suction 
opening control plate 115 causing displacement of the 
suction opening 1 15a. In plate 115 a hole 1 16 is formed 25 
with a deformed circular shape in order to avoid interfer- 
ence with eccentric axis 113. Mechanism 130 includes 
a piston 132 in a cylinder 131 for reciprocal movement 
along the axis of the cylinder. The' driving pin 117 is 
engaging into a ditch 132a formed on the surface of pis- 30 
ton 132. 

[0072] One side of cylinder 131 is connected to suc- 
tion chamber part 3 so that the pressure in cylinder 131 
is equal to suction pressure Ps. Inside the pressure 
chamber a pressure control spring 133 is provided actu- 35 
ating piston 132. The other end of cylinder 131 is defin- 
ing a pressure control chamber 131a connected to 
connecting passage 5. The internal pressure Pc of 
pressure control chamber 131a is controlled by solenoid 
controlled valve 30. The amount of discharge (displace- 40 
ment) of the variable displacement compressor 110 of 
the rotary type is varied by changing the position of suc- 
tion opening control plate 115 in correspondence to 
pressure Pc inside pressure control chamber 131a. A 
control function is executed which is quite similar to the 4S 
control function as described for the variable displace- 
ment compressor of the swing plate type, namely by 
solenoid controlled valve 30 and valve 70 according to 
the invention. 

[0073] Fig. 32 is representing a prior art solenoid so 
controlled valve of a conventional displacement control 
apparatus for a variable displacement compressor A 
crank chamber connecting part 91 is connected to a dis- 
charge chamber connecting part 92 via a valve hole 93. 
Valve closure member 94 is co-operating with valve hole 55 
93 for opening and closing valve hole 93. Adjacent to 
crank chamber connecting part 91 a suction chamber 
connecting part 95 is provided at a side opposite to the 



side where the discharge chamber connecting part 92 is 
connected. Pd represents the discharge chamber pres- 
sure, Pc represents the crank chamber pressure, and 
Ps represents the suction chamber pressure. A spring 
97 is urging valve pressure member 94 in opening direc- 
tion and via a valve driving rod 96 penetrating valve hole 
93. A solenoid 98 serves to generate electromagnetic 
force to drive valve driving rod 96 downwardly to close 
valve 93. 94. In suction chamber connecting part 95, 
especially between the solenoid 98 and crank chamber 
connecting part 91 , a pressure sensitive part 99 is pro- 
vided. The pressure sensitive part 99 comprises a bel- 
lows connected to the moveable core of the solenoid 98 
and the spring 97 inside the bellows. Both the bellows 
and the spring 97 are co-acting with a plate co-operat- 
ing with valve driving rod 96. A certain pressure inside 
the bellows may define a predetermined reference pres- 
sure. The pressure sensitive part 99 responds to the dif- 
ferential pressure between said predetermined 
reference pressure and pressure Ps to move valve driv- 
ing rod 98 to close (or open) valve 93. 94. By this struc- 
ture, opening and closing of valve 93. 94 is controlled by 
pressure sensitive part 99 operating in correspondence 
of pressure Ps whereby the displacement of the com- 
pressor is controlled. The value of pressure Ps respon- 
sible for opening or closing valve 93, 94 can be varied 
by changing the value of the energising current for sole- 
noid 98. In order to minimise the displacement of the 
compressor the solenoid 98 is de-energised, thereby 
maximising the possible stroke of valve 93, 94. How- 
ever, even in such a state the force of pressure sensitive 
part 99 is acting on valve driving rod 96 causing to open 
or close valve 93. 94 even with solenoid 98 de-ener- 
gised and still in correspondence to variations of pres- 
sure Ps in the suction chamber. This means that the 
compressor cannot be maintained safely in a steady 
operation state of the minimum displacement. It is nec- 
essary to provide a clutch or the like at the drive side of 
the compressor resulting in an increase of production 
costs and the dimension of the entire arrangement. 
Moreover, the bellows used in the pressure sensitive 
part 99 consumes large space and requires undesirable 
big dimensions of the solenoid controlled valve. 

Claims 

1. A solenoid controlled valve (30) for controlling dis- 
placement of a variable displacement compressor 
(10) comprising a swing body (14) installed in an 
airtight crank chamber (12) to tilt with a variable 
angle of inclination with respect to an axis (11) of 
rotation, and to execute swing movements when 
driven by rotational motion of said axis (11). and a 
cylinder (15) receiving a piston (17) connected to 
said swing body to execute reciprocal motions and 
to suck refrigerant from a suction chamber (20, Ps) 
into said cylinder (15). to compress and thereafter 
to discharge said refrigerant Into a discharge cham- 
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ber (21, Pd), said compressor (10) changing its 
amount of discharge of said refrigerant by changing 
the angle of inclination of said swing body in 
accordance with a change of the pressure (Pc) 
within said crank chamber, said solenoid controlled 5 
valve (30) including a crank chamber connecting 
part (32). a discharge chamber connection part 
(33). a valve hole (34) between said parts (32, 33). 
a valve (35) installed for opening and closing said 
valve hole (34), a suction chamber connecting part w 
(38), a spring (51) for operation urging a valve driv- 
ing rod (37) inserted in said valve hole to actuate 
said valve (35) in an opening direction, a solenoid 
(40) provided with a moveable iron core (44) and 
arranged in said suction chamber connecting part 75 
(38), which when energised by electromagnetic 
force urges said valve (35) via said valve driving rod 
(37) in a closing direction, a pressure sensitive part 
(56, 55. 54) loaded by the pressure (Ps) in said suc- 
tion chamber connecting part (38) causing a differ- 20 
ential pressure between a predetermined reference 
pressure and the pressure (Ps) of said suction 
chamber connecting part (38) to act upon said 
valve (35) via said valve driving rod (37), wherein 
said pressure sensitive part (56, 55, 54) is arranged 25 
to act on said valve (35) via said moveable iron core 
(44) and in turn said valve driving rod (37) so that in 
a state where said solenoid (40) is de-energised 
said valve (35) is opened by the urging force gener- 
ated by said spring (51) for operation, and said dif- 30 
ferential pressure acting upon said pressure 
sensitive part (56, 55, 54) is hindered to act upon 
said valve (35). 

2. A solenoid controlled valve as in claim 1. wherein 35 
said moveable iron core (44) is located in actuating 
direction between said valve driving rod (37) and 
said pressure sensitive part (56, 55. 54) and is 
loaded by said spring (51) in opening direction of 
said valve (35), so that in a state when said sole- 40 
noid (40) is de-energised said valve (36) is structur- 
ally separated from said pressure sensitive part 
(56, 55. 54) and is maintained in its open state by 

the urging force of said spring (51). 

45 

3. A solenoid controlled valve as in claim, wherein 
said pressure sensitive part (56, 55. 54) includes a 
diaphragm (56) for separating said suction chamber 
connecting part (38) from the atmosphere!, said dia- 
phragm (56) being urged by a spring assembly (63. so 
64, 65) from the side of the atmosphere, preferably 

by an adjustable spring assembly and via a force 
transmitting piston (61). 

4. A solenoid controlled valve as in claim 2. wherein a 55 
pressure receiving member (55) is provided facing 

an inner face of said diaphragm (56), said pressure 
receiving member (55) co-acting with said move- 
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able iron core (44) of said solenoid (40). said pres- 
sure receiving member preferably being connected 
to said moveable iron core and being retracted from 
said diaphragm (56) in a state where said solenoid 
(40) is de-energised. 

5. A solenoid controlled valve as in the preceding 
claims, wherein said crank chamber connecting 
part (32) is arranged between said discharge 
chamber connecting part (33) and said suction 
chamber connecting part (38). 

6. A solenoid controlled valve as in claims 1 to 4, 
wherein said discharge chamber connecting part 
(33) is arranged between said crank chamber con- 
necting part (32) and said suction chamber con- 
necting part (38). seen in actuating direction of said 
valve (35). 

7. A solenoid controlled valve as in claim 1 . wherein 
said pressure sensitive part is provided with a bel- 
lows separating said suction chamber connecting 
part (38) from the atmosphere, said bellows prefer- 
ably being loaded by a spring assembly from the 
side of atmospheric pressure. 

8. A variable displacement compressor (10) designed 
to suck refrigerant into a suction chamber con- 
nected to a low-pressure refrigerant pipe conduit (1 , 
Pe). to compress and thereafter to discharge said 
refrigerant into a discharge chamber connected to a 
high-pressure refrigerant pipe conduit (2). said 
compressor changing the amount of discharge of 
said refrigerant in accordance with a change of the 
pressure (Pc) in a pressure control chamber which 
pressure is controlled by a solenoid controlled valve 
(30), wherein in a suction passage extending 
between said low-pressure refrigerant pipe conduit 
(1) and a suction chamber part (3.) a valve (70) for 
opening and closing said passage is provided, said 
valve (70) being controlled by said solenoid control- 
led valve (30) to a closed state, when the solenoid 
(40) of said valve (30) is de-energised, while said 
valve (30) is also controlling the amount of dis- 
charge of refrigerant to a minimum state. 

9. A variable displacement compressor as in claim 8, 
wherein said pressure control chamber is an air- 
tight crank chamber (12) of said compressor (10). 

10. A variable displacement compressor as in claim 8 
or 9. wherein said solenoid controlled valve (30) 
includes a valve mechanism (34. 35) for changing 
said pressure (Pc) in said pressure control chamber 
in correspondence either to a change of refrigerant 
pressure (Pe) in said low-pressure refrigerant pipe 
conduit (1) or to a change of the refrigerant pres- 
sure (Ps) in said suction chamber part (3), and also 
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includes a solenoid (40) for changing the value of 
said pressure (PC) in said pressure control cham- 
ber corresponding either to a value of said refriger- 
ant pressure in said low-pressure refrigerant pipe 
conduit (1) or refrigerant pressure (Ps) in said sue- 5 
tion chamber part. 

11. A variable displacement compressor as in at least 
one of claims 8 to 10. wherein said valve (30) in 
said suction passage is a differential pressure oper- w 
ated valve operated by differential pressure derived 
from pressures of the refrigerant in respective parts 

of said valve, said solenoid controlled valve (30) 
changing open and closed state of a connecting 
passage for applying pressure of the refrigerant to 75 
said valve (70) depending on energising and de- 
energising of said solenoid (40). 

1 2. A variable displacement compressor as in claim 1 1 . 
wherein urging means (76) is acting on said valve 20 
(70) in its closing direction and in parallel with said 
pressure (Ps) in suction chamber part (3), said 
refrigerant pressure (Pd) in said discharge chamber 
part (4) with said solenoid (40) energised acting on 
said valve (70) in its opening direction, while said 25 
pressure (Ps) in said suction chamber part (3) with 
said solenoid de-energised is also acting on said 
valve (70) in said opening direction. 

13. A variable displacement compressor as In claim 12, 30 
wherein said valve (70) is receiving the pressure 
(Ps) of said suction chamber part (3) at two oppo- 
site actuation ends, said connecting passage being 
connected to a middle part of said valve (70). 

35 

14. A variable displacement compressor as in claim 1 1 . 
wherein urging means (76) are provided urging said 
valve (70) in an opening direction and in parallel 
with said pressure (Ps) in said suction chamber 
part (3), said pressure (Ps) in said suction chamber 40 
pan (3) with said solenoid (40) energised is acting 

on said valve (70) in a closing direction, while said 
pressure (Pd) in said discharge chamber part (4) 
with said solenoid (40) de-energised also is acting 
on said valve (70) in said closing direction. 45 

15. A variable displacement compressor as in claim 
12,13 or 14, wherein said pressure (Pc) in said 
pressure control chamber is acting on said valve 
(70) instead of said pressure (Pd) In said discharge so 
chamber part (4). 

16. A variable displacement compressor as in one of 
claims 8 to 15. wherein a reflux passage (79) is pro- 
vided connecting an inside of said discharge cham- ss 
ber part (4) to an inside of said low-pressure 
refrigerant pipe conduit (1) when said valve (70) is 

in a closed state. 



17. A variable displacement compressor as in one of 
claims 8 to 16. wherein a restriction hole (35) is 
formed in said valve (70) interconnecting respective 
spaces facing both actuation ends of said valve 
(70). 

18. A variable displacement compressor as in at least 
one of claims 8 to 17. wherein said solenoid control- 
led valve (30) includes a driving pipe conduit 
switching part (34, 35. 39) controlling pressure ris- 
ing of a driving pipe conduit (72), said switching 
part is actuating said valve (70) into a closed state 
with said solenoid (40) de-energised. 

1 9. A variable displacement compressor as in claim 1 8, 
wherein in said solenoid controlled valve (30) said 
driving pipe conduit switching part for said valve 
(70) is connecting an inside of said discharge 
chamber part (4) to driving structure (74, 71a) of 
said valve (70) when said solenoid (40) is ener- 
gised. 

20. A variable displacement compressor as in claim 18. 
wherein in said solenoid controlled valve (30) said 
driving pipe conduit switching part for said valve 
(70) is connecting an inside of said discharge 
chamber part (4) to a driving structure (74. 71) of 
said valve (70) when said solenoid (40) is de-ener- 
gised. 

21- A variable displacement compressor according to 
claim 19 or 20. wherein in said solenoid controlled 
valve (30) said drmng pipe conduit switching part 
for said valve (70) is connecting said pressure con- 
trol chamber to said driving structure of said valve 
(70) in place of connecting it to said discharge 
chamber part. 

22. A variable displacement compressor according to 
claims 18 to 21, wherein in said solenoid controlled 
valve (30) said driving pipe conduit switching part 
for said valve (70) is driven along a direction of its 
axis by said solenoid (40) such that two forces act 
on a driving structure of said valve (70) from both 
sides along said direction of its axis in order to can- 
cel each other. 

23. A variable displacement compressor as in claim 1 8, 
wherein a restriction hole (35) for connecting said 
discharge chamber to said driving structure of said 
valve (70) is provided in said driving pipe conduit 
switching part for said valve (70). said restriction 
hole connecting an inside of said suction chamber 
part to said driving structure of said valve (70) when 
said solenoid is de-energised. 

24. A variable displacement compressor as in claim 1 8. 
wherein a restriction hole for connecting said suc- 
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tion chamber to said driving structure of said valve 
(70) is provided in said driving pipe conduit switch- 
ing part for said valve (70). said restriction hole con- 
necting an inside of said discharge chamber part to 
said driving structure of said valve (70) when said 5 
solenoid (40) is energised. 

25. A variable displacement compressor as in at least 
one of claims 18 to 24. wherein said valve mecha- 
nism in said solenoid controlled valve (30) includes w 
a pressure sensitive part (56) detecting a differen- 
tial pressure between refrigerant pressure in said 
low-pressure refrigerant pipe conduit (1) or in said 
suction chamber part (3) and a predetermined ref- 
erence pressure, said pressure sensitive part. 75 
when said solenoid (40) is de-energised, is falling 
into a state where said pressure sensitive part does 
not influence the pressure control of the pressure 
within said crank chamber (12). 
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(54) Solenoid controlled valve and variable displacement compressor 



(57) A positive-displacement refrigerant compres- 
sor has a solenoid controlled valve (30) for controlling 
the displacement of the swash plate. The movable iron 
core (44) and the valve driving rod (37) are responsible 
for the displacement control of the compressor. The 
pressure sensitive part, consisting of the connecting rod 
(54). the pressure receiving board or valve seat (55) and 
the diaphragm (56), is actuated by suction chamber 
pressure. When the solenoid is deenergised, the valve 
(35) is kept open by the force of an operational spring 
(51), even when the suction pressure (Ps) rises. 

The auxiliary valve (70) connecting the suction pas- 
sage and chamber (3) to the low pressure refrigerant 
pipe circuit (1 ) is directly controlled by valve (35). If valve 
(35) is open then the pressure (Pp) in control chamber 
(74) is equal to the discharge pressure (Pd). If valve (35) 
closes then pressure (Pp) approaches gradually the 
suction pressure (Ps) via restrictor (75). The control cir- 
cuit allows steady state operation of the compressor at 
minimum displacement without a mechanical transmis- 
sion or a clutch. 
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